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Chapter I
INTRODUCTION

Any possibility of reducing the structural weight of a
modern airplane is worthy of careful consideration. The size
and strength of many structural components of modern aircraft
are dictated by the loads occurring during landing, particu-
larly for the seaplane landing in rough-water conditions. In
the case of the seaplane, it is theoretically possible to
derive a bottom contour which will yield the smallest maximum
(peak) deceleration to absorb a given kinetic energy at
contact. Experimental verification of a theoretically derived
constant-force hull shape has been disappointing. Results
indicated that more should be learned about the water-entry
phenomenon of hulls having small angles of deadrise. The
purpose of this report 1is to describe further the details of
experiments on the water pile-up and the deceleration history
of the constant-force hull shape as an approach to the develop-
ment of the optimum hull contour.

Other Applications of the Water Entry Problem

The condition of entry of solid bodies into a mass of
water has been brought into sharp focus in recent years. The
designers of naval ordnance, ship hulls, and seaplanes have
been concerned with various phases of water entry. The theory
is based on assumptions regarding the apparent mass of water
which is considered to be affected by the impact of the body.
The theoretical approach is complicated by the pile-up of
water immediately adjacent to the hull.

The Techniques Employed in This Investigation

In this investigation the pile-up phenomenon was
measured from still photographs taken at a high speed., The
acceleration histories of the hulls were obtained by photo-
graphing the output of an electronic accelerometer mounted
in the hull from an oscilloscope screen. During these experi-
ments the test hulls were permitted to fall freely into the
test tank.

The pile-up was measured on 8- x 10-in. enlargements of

the still photographs. Measurements confirmed previous find-
ings in that the theoretical approach to the problem failed to
describe the water pile-up satlsfactorlly. These experiments

also verified the difficulty in obtaining good photographs of
the water pile-up for the B = 10° hulls.

1.
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This is due primarily to the fact that the whole impact phe-
nomenon occurs in a time period of less than 0.05 sec.

A bottom contour developing a constant acceleration
history has been developed by a trial and error process. The
starting point was the shape developed from the theoretical
approach., The experimentally-developed hull shape retains
the low values of deadrise over a greater part of the total
beam width than the theoretical hull shape. The majority
of the work was conducted on a hull whose equivalent angle
of deadrise was 200, Hulls of equivalent angles of deadrise
of 30° and }j0° were also tested. The equivalent angle of
deadrise is defined as the angle made with the horizontal by
a straight line joining the keel and the chine.



Chapter II
REVIEW OF LITERATURE

Early investigation

Early theory was developed for a V-wedge by von Kirmén

N

(1) in 1929 based on the assumption that the momentum of the
dimensional flow, the e

apparent mass was assumed ¥

to be a half cylinder

equal to the submerged :

width 2c¢ of the wedge ‘\\

and length L equal to N N '>\3<
the length of the hull. \‘\\

This situation can be

described as an example < . =
of conservation of momen-

hull is transferred to

the momentum of an ap-

parent mass of water. le——2¢ — =

For the case of two- ) B
of water of diameter

tum between the hull and

apparent mass of water. Fig, 2.1 Diagram of

The mathematical expression assumed apparent mass

of this condition is: for two~dimensional hull
Mve=(M+m) v (2.1)

Von Karmadn showed the solution of Eq. 2.1 to be:

2 VQ?

dv/dt
z(1 + ,a)3

1l

where M

i1

m/M
gl » AY/3)

]

and

Von Kirmén's work did not account for the pile-up of
water above the static surface adjacent to the hull, Wagner
in 1932 first considered the pile-up of water adjacent 'to



L

the hull., Later Monaghan
added to Wagner's work
giving a formula relating
the apparent mass of the
water with the wetted width
associated with the static
water surface,

Fig, 2.2 Definition
sketch for water pile-
up on a V-wedge hull

e & W2 (L - Blae) et (2.2)

Bisplinghoff and Doherty(5) show a similar development
to that of Monaghan by considering the hull to be an expanding
prism in a field of potential flow. The flow around the prism
was simplified to a problem of rectilinear flow by a conformal
transformation. This theoretical analysis resulted in the fol-
lowing expression for the water pile-up (5:32):

C/C' - Ttanf

2KE ’ (2.3)

where X 1s the scale factor for the transformation and is

il AT
* T T/2+ /M - B/ )cosp ik

Therefore, Eq. 2.3 becomes:

e/ct =/T/2 ﬂgﬁr‘u/z + B/TIT (1 - B/x). (2.5)

Fig. 5.1 shows the solution of Eq. 2.5.:-

Further refinements were made in the theoretical anal-
ysis by other writers by accounting for such factors as the
steady-state force and partial wing 1ift.
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Recent Investigations

Most previous work has been summarized by Bisplinghoff
and Doherty (5) in 1950. They extended the theory of the
previous investigations and conducted a systematic study of
the significance of various factors, The hull was considered
to be a two-dimensional V-wedge entering the water with the
for on the hull composed of three parts:

1. The unsteady-state force f,; caused by change of
the momentum of the apparent mass,

2. Skin friction drag fg or the steady-state force,
3. Force of buoyancy Iy,

Because of uncertain accuracy of the theoretical values
of the steady-state drag coefficient, experimental values were
obtained for 10°, 20°, 309, and L40° wedge models by conducting
tests in a water tunnel.

An experimental check of calculated impact loads was
obtained by dropping larger V-wedge models vertically into a
tank. The acceleration-time history was determined by
recording the output from a Statham accelerometer with an
oscillograph. The pile-up of the water was recorded by
photographing the impact phenomenon through a glass panel in
the front of the tank, using a 16 mm high-speed motion
picture camera operating at 1500 fromes per second. The
following conclusions were reached from the investigations
of reference (5):

l. Experimental data showed no correlation with theory
regarding the pile-up of water and consequently
with apparent mass. '

2. Experimentally determined peak decelerations were -
much less than theoretical values at B = 10°,
agreeing in the 20 tc 30° range, and becoming
higher than theoretical values at the higher
values of deadrise.

3. The buoyancy force £, was negligible.

i, The steady-state force f, was larger than f ,
but smaller when compared to £ .

5. The unsteady-state force f,, was clearly the
predominant factor (5:67).
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A comparison of the results of each of five theories
was made with the experimental results for the = 20° hull.
The comparison indicated generally similar results for all the
theoretical equations. The method of Kreps indicated con-
siderably greater values than the experimental results and the
method of von Kidrmin being somewhat less than the experimental
values.

The apparent mass of water computed from the peak values
of the acceleration history curves for each theoretical method
was compared with the experimental values. The trends
established for the experimental points bore no resemblance
to the theoretical curves., The acceleration histories
determined from each of the five theoretical methods and the
experimental results were also compared by consideration of
the maximum acceleration and the time to maximum acceleration.

Bisplinghoff and Doherty developed a theoretical
constant-force bottom contour. An experimental model of the
constant-force hull bottom was constructed and tested, but
the agreement between the theoretical acceleration history
and the experimental history was poor. The experimental
hull failed to develop a sufficient value of deceleration
during the early period when the angle of deadrise was small.
The authors concluded that the failure of the theory was due
to a questionable assumption of an incompressible fluid and
to the lack of understanding of the nature of water pile-up
at low deadrise angles.

Summary

The investigations of seaplane impact to date indicate
that there is a lack of understanding of the mechanics of
water entry, particularly for low angles of deadrise.
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Chapter III

THEORETICAL ANALYSIS

theoretical analysis logically falls into two

general considerations:

l. Development of the bottom contour to experience
any assumed force-time history.
2. Development of the bottom contour to produce a
constant force during impact.
Development of the Bottom Contour for any Force-time History

If the acceleration of the hull at any time can be
considered to be a function
of the displacement, then

and

dv/dt

furthermore

or

Integrating

=

2

v

Fig. 3.1 Definition sketch
for water pile-up on any

huld

dy.dz -
- b(z) ,
= ¢(z)az . (3.1)
By 3.1

Zp 5 2

= $(z) dz + —5— . (3.2)

o)

However, from Eq. 2.1 , assuming full wing 1lift,

= v,/(1 +M) , (3.3)

70
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where
A = m/M ,
Substituting Eq. 3.3 in Eq. 3.2:
v 2 zf 2
o 5 =‘/ ¢(z) dz + e /2 (3.4)
2(1 + u) . _

Solving for &

1 = Z/Zf $(z) dz + 1 (3.5)
(1+mu)? v°2 (5 ;
(L+u)2 =

1
o 5
2/v°2/ ¢plz) dz + 1
0
> -1 (3.6)

e
/ 2/v°2[ @(z) dz + 1

But 1/2 M v £ represents the energy at impact to be absorbed
by the watef. The energy
absorbed is equal %o the
area under the force- £
displacement curve (solid maxi
line) as shown in Fig. 3.2.

If » is a ghape
efficiency factor relating
the area of the given curve
to the area of the dotted
recbtangle, then

force
N

Displacement z &

Fig. 3.2 Force~
displacement diagram

1/2 M v°2 = (£0x %¢) T (3.7)
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¥

e 9.
wher# zp 1s the displacement when v becomes zero.
If fpogx = DpaxW where n is a load factor, then Eq. 3.7

becomes
4

z(W/g) V02 =T Dpgxze W

or
o
R,
nmax i3 2gr Zf ’ (3-8)
rearranging
S = —— (3.9)
Vo o - HmaxOF &

Substituting Eq. 3.9 in Eq. 3.6

M = X a1 (300

.
et 1
PranlT Zp ) ¢(z)dz +

f(z) = n(z)W , and
f(z) = Wa/g
then,
n(z)g . (3.11)

<

—~
N

o
]

Substituting Eq., 3.11 in 3.10 and simplifying:

e (342

o &
vViltegre
T

max
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By definition,

A= -L%-» - Dz%%z—- : (3.13)

where D 1is a constant which accounts for the effect of
deadrise and pile-up on the apparent mass.

The Constant-force Bottom Contour

If a hull is assumed to have the constant-force bobtitom
contour, then lts forceo=-
displacement dlagram would
describe the dotted Nmanx
rectangle in Fig. 3.2. If
Eg. 3.11 is correct then
Figs 3.2 would be equivae
lent to Fig. 3.33 then
n(z) = Ry o80d =1,

n(z)

Displacement z ~ *f

Fig. 3.3 Acesleération-
displacement diagram
for ideal case

For this condition of an actual constant-force hull,
Bq. 3.12 becomes;

/a= 1 _10
-fd Z, 6+ 1
“p
Integrating
: “ ik (3.14)

/V/ 1 ; z/hf

-~
Equating Eg. 3.3 and 3.1l *

p | BL - L] - 1 o 4
AJ;M X ’V/AV (3.15)
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The condition indicated by Eq. 3.15 is evaluated in the
following table:

Table 3.1

Dimensionless Coordinates of Theoretical
Constant=force Bottom Contour

e E

® 9 9 8 09 © @ o & o o
o~ W D = Of

W,

@

=

OO0
Ut
[y
e -

3o
=

The apparent draft 2z c¢an be related to the actual draft
z!' , with respect to the undisturbed water surface by

gt = T J2 £H(B)z. (3.16)

which corrects the theoretical constant-force bottom coutour
empirically for pile-up. The function f(g8) can be
determined from tests on the V-wedges.

In Chapter V this procedure isg carried out for the
Be= 20° hull,



Chapter IV

EXPERIMENTAL EQUIPMENT AND PROCEDURE

The experimental equipment consists of (1) the drop
mechaniam, (2) the drop tank, (3) the accelerometer, (li) the
model hulls, and (5) the cameras used to photograph the
impact and the acceleration=time history. The testing is
divided inbto (1) the procedure used in obtaining the impact
pictures and (2) the procedure used in obtaining the
acceleration histories.

Drop Mechanism

The drop mechanism consisted of a support and guide for
a square metal rod. The rod was fabricated from hollow
3/ in. x 3/h in. square brass tubing. The model was
attached to the rod by a 6 in. x 6 in. x 1/ in. clear’
Imeite plats., The guilde for the square rod contained eight
ball bearings which restricted free movement to a vertical
direction only.

Drop iank

The model hulls were dropped into a rectangular wooden
tank. A glsss panel was set into the front of the tank., An
adjustable metal plate was fastened to the inside ol the
baeck wall of the tank., This permitted the adjustment of the
end gap between the sides of the tank ancd the ends of the
medel., The gap was kept at & minimum at all times to ensure
Swo=dimensional flow.

A secales was attached at /4§§>
Sheet

the edges and bottom of the
glass panel to facilitate

taking measurements from the metal o dponge
photographs, The tank was
gset independent from the .

dropping mechanism. Foux *
leveling screws were attached £ =/ Normal W. S.
st the bobtbtom outside corners 2ATI =
of the tank to permit ecareful 0

ad justment of the drop height.
Wave absorbers and splash

guides were attached to the %2 _ Fnd of tank

snds of the tank. The
5 —M/\—/\A
absorbers and splash guides

consisted of cellulose sponge

cubt to the reguired shape.

These eliminated most of the Fig., 4.1 Sketch of wave
splasgh resulting from the absorbers and splash guides
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- Impact and quickly damped out surface disturbances after a
test run. A hook gauge was fitted to one end of the tank to
aid in careful adjustment of the water surface. Fig. 4.2 is
a photograph showing the drop tank and support as used in this
investigation.

Photography

The measurements of water pile-up were made from
enlargements of 16 mm motion picture film by Bisplinghoff and
Doherty. At best this was certainly difficult. Because of
the importance of these measurements, a larger negative was
specified for the investigation reported here., A L= x 5-in.
Speed Graphic camera with an f-2.8 coated Ektar lens was used
for obtaining the photographs of the water pile-up. The
aperture was set at f-5.6 and Ansco Super Pan Press film was
used. The lighting was provided by an Ahbrams Portatron high=
speed electronic flash gun. The pictures were all made at
night or in a darkened room with the shutter set at 1 sec. so
that the photography was essentially by ™open=flash" technigue.

Fig. 4.2 Photograph of drop
mechanism and equipment
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The flash gun was "triggered" by a specially constructed

acceleration switch mounted at the top of the model support

rod (see Fig. L4.2;. The switch contacts were actuated by a
cantilever leaf of gspring steel. By adjusting the spacing

of the contacts, the time of the photographing relative to

the initial impact, could easily be adjusted. A series of
photographs showing the progressive growth of the water

pile~-up was thus obtained.,

The negatives were enlarged to 8- x 10-in. photographs.
From these photographs ¢ , ¢' , 2z, and 2! were carefully -
measured, Typical photographs of the impact of the B = 10°,
209, 309, }0° and 50° hulls are shown in Figs. 4.3, L.L4, 4.5,
he6, and h.7.

Accelerometer

The acceleration-~time history was obtained using a
Model 18C6é Calidyne accelerometer. The accelerometer was
bolted to the hull cover plate. The shielded flexible
accelerometer lead passed through the hull cover plate and
was formed in a loop to permit unrestrained movement of the
hull. This was similar to the arrangement used by Bisplinghoff
and Doherty. This accelerometer employs a 5734 RCA mechano-
electronic transducer, The accelerometer has a natural
frequency of 250 cps. The signal from the accelerometer was
passed through an oscilloscope and was then recorded from the
oscilloscope screen by photography. Fig. 4.8 shows the circuit
diagram of the accelerometer.

Accelerometer A, A R =Ro=47000%2

iq /80Y CRO
=TT = e

S e 0 TAL SRS
S 0 ac | t Q

e i 2

||]|—~

Fig. 4.8 Circuit diagram for
Calidyne accelerometer









Fig. 4.5 Photograph of V-wedge during impact for B= 30°

LT
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Fig. 4.7 Photograph of V-wedge during impact for g = 50°

‘6T
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Later the results were checked with a Statham Model
A8-~10~335 accelerometer. This was done because the Statham
Instrument was damped to about 0.7 of critical damping whereas
the Calidyne accelerometer was only damped to 0.29 of critical.
The recorded oscillograph records from the Calidyne instrument
indicated that there may have been considerable "overshoot" at
the instant of impact. Comparison of similar runs indicated
that the Calidyne accelerometer did overshoot about 100 percent
at the instant of impact. Therefore, only the results obtained -
with the Statham accelerometer are shown in this report.

Accelerometer-time Histories

The signal from the acceleremeter was recorded fraom an
oscilloscope screen by photographing with a Fairchild
oscilloscope camera. The camera was equipped with an f=2.8
Wollensak coated lens mounted in a Rapax shutter and is
equipped with a Polaroid-Land back. A print of the record
can be obtained in a few minutes after exposure.

The oscilloscope was a Model 304A Dumont which was
equipped with a special short-persistence blue cathode-ray
tube and a driven sweep. This oscilloscope was specially
designed for photographing these relatively low=frequuncy
transient signals. Fig. 4.9 shows the oscilloscope and the
Fairchild camera.

-

Fig. 4.9 Photograph of oscilloscope and camera \
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The shutter of the camera was set at "B" and operated
by a solenoid. The solenoid was triggered by a roller micro-
switch which was actuated by an adjustable plastic- wedge
attached to the side of the model support rod. The wedge was
adjusted so that the shutter was opened at the point where the
keel touched the water and remained open until the chines
were immersed.

Model Hulls

All hulls were smoothly sanded and finished with 6 or 7
coats of Periseal. This resulted in a very smooth durable
finish, The models were constructed of well seasoned solid
mahogany.

The surface contours of all model hulls were cut using
a horizontal milling machine. A pair of metal templates were
cut from lbé-gage sheet metal and carefully filed to proper
shape. These templates then served as a guide for a guide
wheel or follower at the end of the cutter head of the mill,
If accurate templates are made, close tolerances of the hull
can easily be attained. Fig. &.10 shows a photograph of the
milling operation on a 20° hull., The inside of the hull was
hollowed out using an end mill in a vertical milling machine.
Lead ballast was added as necessary to adjust the final
weight of the hull. Fig. l4.ll shows the V-wedge hulls as
they were used during the tests.

Fig. 4.10 Photograph of milling of bottom contour of model hull
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BOTTOM

»

FPig. L.12 Photograph of constant-force model.hulls




Fig. .12 shows the three constant-force hulls
corresponding to equivalent angles of deadrise of 209, 300,
and ;0°,

Testing Procedure

The hull to be tested was fitted to the hull cover
plate using brass wood screws. A well-greased cork gasket
was used between the hull and the plate., After tightening,
the joint was sprayed with clear Krylon plastic spray. The
* support was raised to the proper height and the hull release
set. The tank was then carefully leveled, the distance
between the keel and the normal water surface ad justed to
5 in., and the water level adjusted to normal by adding or
removing water. When the water surface was calm the test
proceeded, -

After each test the hull was raised and wiped to
remove excess water. The acceleration switch for the flash
gun was adjusted and the water surface again adjusted to
replace any loss by splashing. The test proceeded as soon
as the water became calm again.

The normal drop height was 5 in,; however, the hull
of B, = 20° was also dropped from 3 in., 4 in., 6 in.; amd
7 in. Thls yielded information on the effects of variation
of the contact velocity.

The normal weight of the accelerating components of
the apparatus was l.32 1b(0.1345 slugs). The beam loading
of the model was changed by the addltlon of lead ballast to
the hull, The optimum hull of 200 was also tested
at a model beam loading of 5.38 1b?o 167 slugs), 6.45 1b

(0.201 slugs), and 7.55 1b (0,235 slugs).

23.



Chapter V
DISCUSSION OF RESULTS -

The investigation was divided into three parts. The
tests on the V-wedge hulls comprised the first part. The
second part of the work included the testing and development
of the constant-force bottom contour. The third part included
the variation of the contact velocity and the beam loading.

Tests of the V-wedges

At least three good photographs of the water pile-up
of each angle of deadrise were examined to obtain measurements
of z, z', ¢, and ¢'. From these measurements, the dimension-
less parameters 252~ , z/z', and c¢/c' were computed. All of
the values of the pParameters obtained are tabulated in Table 5.1.

Table 5.;

Results of Tests on V-wedge Hulls

Run No. Wedge z/z! E%%l ' e/ct r(B)
g A 100 1.1L 0,015 1.25 . 0559
et 100 1.19 0.0145 1.23 = . 0535
7.1la 10° 1.20 0.0155 1.19 .0531
7. 22 10° 1.16 0.0125 y 155 o . 0549
4~ ) 20° 13 0.035 . DY .0518
T 200 1.28 0.038 1.27 . 01,98
T8 200 121 0.0307 1.25 . 0526
T4 20° 1.23 0.0342 1.25 .0518
3.2 300 1.36 0.081 1.23 . 0,68
3.3 30° 1.28 0.053 y . 0522
8.2 300 1.30 0.063 1.3% . 090
8.3 30° 1,25 0.0566 1.263 . 0510
8.1 300 1 0.068 1.28 . 0486
8.5 300 0 1.29 0,065 ¥, 32 .0LokL
8.6 309 1,27 0.0605 1.29 .0502
6.1 1,00 (T e 0.0995 1.33 . 0483
6,2 1,00 1.%1 0.101 1.30 . 0,86
e 1,00 128 0.100 1.32 . 0486
6.1 1,00 1.33 0.102 1.3 .0l 79
6.5 1,00 1.41 0.121 1.39 .0l52
5.2 50° 1,32 0.133 1.29 .0L83
5.2 50° 1,32 0.146 1.3% . 0483
5. 500 1:37 0.157 3.5 . 065

2l



25.
Fig. 5.1 shows a graph of c¢/c! plotted as a function
of angle of deadrise, B. EQ. 2.5 is shown on this graph as
well as the experimental points obtained by Bisplinghoff and
Doherty (MIT data). The experimental points indicate no sup-
port for the theoretically derived E}. 2.5. The MIT data

indicate slightly higher values of c¢/c'; however, the trends
between MIT data and the Colorado A & M data are parallel.

The greatest difference between the experimental points
and Eq. 2.5 occurs at g = 10°, This fact may explain why the
theoretically-derived constant-force hull failed to develop the
expected values of deceleration during the early part of the
time history.

The ratio,of the height of the pile-up compared to the
wetted width Eé%— is shown on Fig. 5.2 as a function of the
angle of deadrise., The data indicate the least scatter at
B = 10° and the most scatter at B = 50°, This may be explained
by the fact that relatively little pile-up occurs at B = 10°
whereas the most plle-up occurs at g = 50°, TFurthermore, the
pile-up at B = 50° may also be affected to a greater extent
by surface tension or relative roughness of the hull. An
average curve has been drawn through the data on Fig. 5.2.

The experimental values of function f( ) have been
plotted as a function of angle of deadrise on Fig. 5.3. A
curve was fitted through these points. Typical water surface
profiles for the different wedges are shown in Fig. 5.l.

No theory or explanation 1s offered for the large
divergency between the theoretical equation and the experi-
mental points. It is possible that the experimental techniques
could be improved. Weible (6) pointed out that the use of
high speed photographs of the immersion process of spheres
and cylinders was not entirely satisfactory.

Tests of the Constant-force Hull

A comparison of the theoretical acceleration history
with the actual acceleration history of the constant-force
hull reported in reference 16 is shown in Fig. 5.5. The tests
on the theoretically derived constant-force hull for g = 20°
indicated that the acceleration did not peak as fast as was
expected. The slope of the constant-force hull at the keel
is zero because in this way the acceleration history would
rise to the peak value immediately upon contact with the water.
The angle of deadrise then gradually changes through small
angles to a maximum of about 300 at approximately one-third
the distance between the keel and the chine.
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B =20°

B=40°

Fig. 5.4 Water surface profile for different
V-wedges during impact
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From the tests on the 10° V-wedge, it is known that the
experimental value of acceleration does not attain the
magnitude expected from the theory., If it can be supposed
that the angles of deadrise less that 10° behaved in s
gimilar manner, Then it could be deduced that the constant-
foree hull needed to be flatter over a greater portion of its
keel area., Only in this way would the acceleration-time
history rise to the maximum quickly. In a similar manner it
can be assumed that the hull should have a slightly steeper
angle of deadrise near the chines; thus the peak in the
latter part of acceleration history can be avoided.

The coordinates of the theoretically derived hull were
used as a beginning point. The steps for correcting the
coordinates are outlined below.

l. Successive coordinates, z, , Zo s zg vecs B, , WET®
chosen along the conbtour. v

2. The angle of deadrise, ,31 3 ,8?9 ,Bc , was
measured to each point. i » :

3, For each value of angle of deadrise, the o -
term was debermined from Fig. 5.3. ;

i, The corrected value for each coordinate, zi p
z! .... &t was computed from the equatio
= e

2zt =w/f2 (B ) z -

5. The revised contour is the curve drawn through
values of zi 9 zé cose BY o
1 2 ¢

~

The first hull produced by this procedure did not yield
the uniform acceleration history. After a number of hulls
were corrected by this procedure, the final.optimum contour
was intuitively derived by simultaneous examination of the
previous hull contours and their acceleration=time histories.

Constant=force Hull Contours for Variousg Angles of Deadrige

The hull finally developed by the precedlng procedure
had an equivalent angle of deadrise of 20°, The angle
betwesen a horizontal line at the keel and through the chine.
was 209, Hulls of equivalent 30° and hO° were produced
from the dimensionless plot of the 20° hull, The sctual
hull contours and their acceleration-~time histories are
shown on Figs. 5.10 and 5,11 and the dimensionless form of
the constant-force hull contour is shown on Fig. 5.12.
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Variation of Contact Veloclty

The contact velocity was varied by changing the drop
height. Drop heights used were 3 in.,, k4 in., 5 in., 6 in.,
and 7 in. The constant-force hull for Je= 20° was used
for these tests. A comparison of the acceleration historles
for these drop heights is shown on Fig. 5.13.

These acceleration histories seem to be composed of two
parts as distinguished by two peaks. The first peak of the
acceleration history occurs on contact of the keel with the
water., The second peak of the acceleration history occurs
when the flat area near the chines makes contact with the
water. The balance of these two peaks is rather sensitive
as 1s shown by the acceleration histories on Fig. 5.13. As
the velocity of contact is increased, the keel area develops
a greater part of the force of deceleration than the chine
aree,

Variation of the Beam Loading

The test gross weight of the hull is the beam loading
for the two~dimensional case. The deceleration history in
terms of the hull mass i1s shown on Fig. 5.1l;, As the mass
of the hull is increased, the area under the acceleration-
time curve decreases., This indicates that the hull had not
come to rest by the time the chines were immersed. Exami-
nation of Fig. 5.1l also indicates a greater part of the
kinetic energy 1s absorbed by the chine area as the beam
loading of the hull is increased. The energy of the falling
hull was not entirely absorbed by the bottom of the hull but
was absorbed by increasing the displacement of the hull
after the chines were immersed and is therefore independent
of the shape of the bottom of the hull.
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Chapter VI
SUHHARY

In summarizing this work the conclusions are brietly
listed, together with the limitations of the results and
the recammendations for further study.

Conclusions

7

These experiments suggest certain'changos in the shape
of a seaplane hull, especially in the region just forward
the main step. The results indicate the following general

eonclusions:

=

2,

The theory fails to predict the water pile-up for

the V-wedges. This is particularly true for small
angles of deadrise.

The constant-force hull derived from theoretical
considerations also fails to give a true constante
force time history. The hull which was developed
by a trial and error process maintains a lower
angle of deadrise over a greater portion of the
keel area than the theoretically derived hull,

The tests on the constant-forcece hull indicates that
the peak deceleration can be reduced fream 4.5 g's
for the 20© Y~bottam to 3.3 g's for the 20° con-

stant-force botbom.

Constant-force bottoms having an equivalent angle

of deadrise of 300 and 40° can be built from the ..
non-dimensional coordinates of the conatant-rorco

bottom.

Increasing the contact velocity of the hull causes
& greater increase in force in the region of tho
keel then in the region of the chine.

Increasing. the beam loading caused a decrease in
the force developed on the keel region. The :
penetration of the hull into the water before
coming to rest increased with increasing beam
loading.

Limitations of Results

These conclusions ares based on experiments simulating
two~dimensional flow and a aseaplane having zero wing lift.

i

39.
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The practical case of a seaplane landing is complex. The factors
of forward speed, sinking speed, and the presence or absence of
waves interpose great differences between actual operational
conditions and the conditions of these experiments.

Recommendations for Further Research

Additional information about the impact of V-wedges
of angles of deadrise of 10° or less would be useful. The
use of ordinary photographs only to measure the pile-up
phenomenon for the flat hulls is not entirely satisfactory,
and possibly a more satisfactory method could be developed.
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